Osteoarthritis (OA) is the most common arthritis which leads to chronic disability. Because patients usually present at medical care at an advanced stage of disease, research on pathogenesis of OA using human subjects is difficult. Therefore, animal models of OA are used extensively in search of pathogenesis of degenerative joint disease and in search of potential disease modifying anti-OA drugs. 
Introduction
Knee osteoarthritis (OA) is the most common form of arthritis that affects the elderly. It is a leading cause of disability and has a formidable societal and public health impact (1) .
The increasing prevalence of knee OA with age may present serious new health issues in any rapidly aging societies such as Korea. Although OA has been the subject of intense research in recent years, precise delineation of its pathogenesis remains elusive, possibly reflecting its heterogeneous etiology.
This leads to hampering of the development of effective therapeutics. Degradation of extracelullar matrix in articular cartilage has been considered a central event leading to joint destruction in OA. In vitro studies focusing on chondrocytes responding to a variety of stimuli such as proinflammatory cytokines and mechanical loading by elaborating degradative enzymes and catabolic mediators still comprises the major portion in OA research. Recently however, the concept of "joint as an organ" has been put forward, with equal emphasis placed on the change in the subchondral bone, synovium, muscles, ligaments, and other periarticular structures. This change has also been reflected in the animal model of OA.
Animal models of OA are used extensively in search of pathogenesis of degenerative joint disease and in search of potential disease modifying anti-OA drugs, because patients usu- OA development at 4 months old only in males OA in 85% of all male mice; MMP and aggrecanase activity increase and colocalize with advancing OA; Chondrocyte apoptosis by TUNEL correlated with severity of OA lesions Increased incidence and severity of OA changes in mice run 1km/day, therefore running accelerated OA development; collagen degradation absent in areas of chondrocyte death Some heat shock proteins, interleukin-6, and interferon expression were upregulated OA AC lesions visible by 3 months increasing to ＞50% of medial tibial AC bilaterally by 1 year old, with subchondral sclerosis; severity of OA lesions was reduced by 40% at 9 months, 56% at 18 months on restricted diet. Young animals with OA had increased PG levels whereas old had decreased collagen correlated with age in both normal and OA but lower in OA AC. OA changes progressive through life with high prevalence. High prevalence of OA lesions, subchondral bone changes common and severe, showing before AC changes; subchondral bone thickness of medial tibia correlated with severity of OA lesions and increasing weigh; prevalence and severity of OA lesions increased with age. 
Models of Spontaneous OA
Except for a limited number of cases, most human OA develops insidiously over decades without significant antecedent knee injury. In this sense, spontaneous model which develops in mice and guinea pigs might more closely resemble human OA (Table 1) .
Large animals
Some breeds of dogs, including Labradors and beagles develop OA, but this is generally secondary to hip dysplasia (2).
In the spontaneous canine models, early disease is characterized by a greater degree of synovitis and joint capsular fibrosis compared to human OA (3, 4 mice are relatively resistant to the development of OA, running 1km/day increase the incidence and severity of OA changes in this mice (14) .
Models of Chemical Injection
Intra-articular injections of diverse agents induce cartilage degeneration resembling OA, which include physiologic saline, corticosteroid, and estrogen. Selective degradation of cartilage extracellular matrix has been attempted by injecting proteolytic enzymes, such as papain, but the resultant pathology probably does not represent that of OA, because the injection is accompanied by acute inflammatory reaction.
Collagense injection model
Intra-articular injection of collagenase provokes joint instability by degrading the surrounding capsule and ligament, without inducing direct degradation of cartilage collagen. 
Models of Surgical Induction
Various damages leading to knee OA in human have been introduced to animals to induce OA. The cartilage damage induced by this maneuver resembles human knee OA, so this model has been used for evaluation of treatment, including analgesics and structure-modifying agents. The limitations of this approach include the fact that the observations are usually confined to knee joints, and that the use of small animals such as rodents can be technically challenging.
Anterior cruciate ligament transaction ( Table 2, In these species, ACLT also induces anatomical and biochemical changes resembling human OA, too, eg. changes in both the cartilage and subchondral bones, upregulation of MMP, and loss of aggrecan and collagen.
Meniscectomy and meniscal destabilization model (Table 4) The menisci are two crescent-shaped fibrocartilaginous Recently, a surgical technique that induces a more slowly progressive course of joint degeneration in mice was described, which uses transection of the medial meniscotibial ligament resulting in instability of the medial meniscus (29) . Adult male C57BL/6 mice ages 10∼12 weeks are used. A longitudinal incision medial to the patellar ligament is made, the joint capsule is opened, and the meniscotibial ligament, anchoring the medial meniscus to the tibial plateau, is identified and transected (30) . Cartilage lesions are discernible 4 weeks after surgery.
Models of Genetic Modification
Transgenic or knockout mouse models with changes in the expression of transcription factors, MMPs, angiogenic factors, or ECM proteins have provided insight into the mechanisms that control cartilage development and, in some cases, OA pathology (Table 5 ) (31) . While homozygous deficiency of 
General Recommendation
Human OA is a disease of the aged, and growing animals, like children, probably have a better capacity at repairing joint damage. Thus, to obtain the most meaningful insights into human OA, it is essential to use skeletally mature animals whenever possible (10). Minimum age for OA studies are 10 weeks for mice, 3 months for rats, 6 months for guinea pigs, 8∼9 months for rabbits, and 2 years for sheep and horses (Table 6 ).
Genetically modified mice should ordinarily be studied at 9∼ 12 months when natural OA lesions start to appear in wild type mice (10) . The anatomical differences between to humans and animals should also be considered. In rats and mice, some growth plates do not close completely, even though longitudinal long bone growth has ceased. Mouse knee joints are characterized by its extremely small size, with the cartilage thickness of only 30μm (36) . The layer of calcified cartilage is nearly as thick as the non-calcified cartilage (or even thicker in some joint regions), which is in stark contrast to the thin calcified cartilage layers seen in larger animals and humans (37) . The cartilage is only several cell layers thick and does not have clearly distinguishable superficial, transitional and radial zones (37) . Non-calcified cartilage loss tends to be an all-or-none phenomenon, with the pathology of cartilage degeneration rapidly progressing to full-depth fibrillation. Adult rabbit articular cartilage has a cell density ten-fold of that in adult humans (38) . Because OA is considered an organ failure, histologic analysis encompassing not only cartilage but also all of joint structure should be performed.
Assessment of Pain
Knee pain derived from OA is a key symptom influencing the decision to seek medical attention, and it has been consistently reported that radiographic OA changes are often poorly correlated with pain (39) . It is therefore important that OA animal models exhibit pain as well as joint damage. Over the past decades, progress has been made in objectively assessing pain in animals, which can be employed as surrogates of human pain, discomfort, and fatigue (10) . It is important to assess pain on multiple occasions because pathogenetic mechanism of pain may change over time in models.
Although spontaneous OA models may better represent pain than other models, meniscectomy models may also be relevant to studies of OA pain, because of the presence of nerve end- 
Conclusion
Experimental animal studies of OA have been performed in many species in an attempt to increase our knowledge on the pathogenesis and treatment of osteoarthritis (OA). Although excellent models for establishing proof-of-principle and for examining the efficacy of therapeutic agents exist, no experimental animal model reflects human disease perfectly. In addition, standardization of the scoring systems should be established to reduce discrepancies between studies using the same models.
